TIlE UTAH GEOLOGICAL SURVEY is organized into three geologic programs with Administration, Editorial, and Computer Resources providing necessary support to the programs. TIlE ECONOMIC GEOLOGY PROGRAM undertakes studies to identify coal, geothermal, uranium, hydrocarbon, and industrial and metallic mineral resources; to initiate detailed studies of the above resources including mining district and field studies; to develop computerized resource data bases, to answer state, federal, and industry requests for information; and to encoumge the prudent development of Utah's geologic resources. The APPUED GEOLOGY PROGRAM responds to requests from local and state governmental entities for engineering geologic investigations; and identifies, documents, and intetprets Utah's geologic hazards. The GEOLOGIC MAPPING PROGRAM maps the bedrock and surficial geology of the state at a regional scale by county and at a more de!ailed scale by quadrangle. Information Geologists answer inquiries from the public and provide information about Utah's geology in a non·technical format. The UGS manages a library which is open to the public and contains many reference works on Utah geology and many unpublished documents on aspects of Utah geology by UGS staff and others. The UGS has begun several computer data bases with information on mineral and energy resources, geologic hazards, stratigraphic sections, and bibliographic references. Most files may be viewed by using the UGS Library. The UGS also manages a sample library which contains core, cuttings, and soil samples from mineral and petroleum drill holes and engineering geology investigations. Samples may be viewed at the Sample Library or requested as a loan for outside study.
County using the fan geometry and stratigraphy of fan sediments.
Their study determined that Lone Pine Canyon had a low potential for large damaging debris flows. that the Davis County model was not applicable. This is because it was derived empirically from data on perennial streams that keep channels saturated, whereas Lone Pine Canyon is an ephemeral drainage with unsaturated soil conditions. Mulvey and Lowe (1991) suggested that a detailed study was needed to estimate debris-flow 12 potential and volumes from Lone Pine Canyon.
GEOLOGY
Bedrock in the Lone Pine Canyon drainage is schist and gneiss of the Archean-age (2,500-3,000 million years ago) Farmington
Canyon Complex (Bryant, 1989) . These rocks are resistant to erosion and weather to form coarse, sandy soils. outcrops are scattered along the drainage. The most prominent outcrops are on slopes immediately east of the study area above the Bonneville shoreline (figure 2). Much of the bedrock in the drainage is highly fractured, being part of a large pre-Bonneville-age (pre-15,000 years ago) landslide. The main scarp of the slide is at about 6,400 feet (1950 m) (Nelson and Personius, 1990 ) and the toe may have extended to the valley floor prior to the rise of Lake Bonneville. Landslide deposits on the valley floor were probably modified or removed by wave action in Lake Bonneville. However, the size and shape of the alluvial fan mapped by Nelson and Personius (1990) on the valley floor is larger than expected for the Lone Pine Canyon drainage. This suggests that some material from the landslide may be preserved beneath the Lake Bonneville lacustrine and post-Bonneville alluvial-fan deposits. -~------
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Most of the study area is covered by Quaternary-age Lake Bonneville sediments, colluvium, and alluvial-fan deposits (figure 2) . The Lake Bonneville sediments are composed of boulders, cobbles, sand, and a minor amount of silt. At Lone Pine Canyon, the Bonneville shoreline is an erosional feature cut into bedrock, and covered with beach sediments. The sediments are approximately 15, 000 years old (Currey and Oviatt, 1985) . At the Lone Pine
Canyon fan, Lake Bonneville sediments are buried by 1 to 20 feet (0.3-6.9 m) of alluvium and colluvium deposited during the last 15,000 years. These deposits are composed of boulders, cobbles, sand, silt, and a minor amount of clay. Rock falls from outcrops above the bench contributed the largest boulders to these deposits. On the Lone Pine Canyon fan there are three distinct channels, only one of which generally carries water during runoff (figure 3) .
The main channel, which is the best developed, bisects the fan and is 3 feet (1 m) deep. Vegetation (oak) grows along the channel.
The other channels follow the north and south margins of the fan.
The northern channel carries modern flows, and it is thought to Companies , verbal communication, April, 19, 1992) .
Trenches from a 15-foot (4. 5-m) excavation west of the gravel pit exposed sediments similar to slopewash deposits seen in the trenches.
Boulders in this excavation and the gravel pit were rounded, indicating they were derived from Lake Bonneville deposits. This study principally considered the debris-flood and debrisflow hazard from Lone Pine Canyon. However, several other drainages which feed into the gravel pit area may also require engineered structures to reduce hazards to acceptable levels.
These are shown in figure 1. All may contribute debris and flood waters to the gravel pit area, and must be considered in an area-27 wide hazard-reduction program perhaps requiring diversions or larger basins.
Disturbing the natural drainage pattern should be kept to a minimum. I observed erosion along roads in Lake Bonneville sediments above the gravel pit after the July 12, 1992 cloudburst, which dropped 1.5 inches (3.8 cm) of rain in an hour on the centerville area. As much as possible, structures should follow natural drainage patterns to reduce erosion problems. Because of the uncertainty in flood-water volumes and the need to control flood waters, a flood-volume study will be needed to determine design characteristics of flood-control structures.
GLOSSARY AO Zone -(unnumbered A Zone) alluvial-fan flood-hazard area designated by FEMA, and subject to sheet-flow flood depths of 1 to 3 feet (0.3-0.9 m). .
Alluvium-a general term for clay, sand, gravel, or similar unconsolidated sedimentary material deposited by a stream.
Alluvial fan-a generally low, cone-shaped deposit formed by a stream issuing from mountains onto a lowland.
Alluvial-fan flooding-flooding of an alluvial-fan surface by overland (sheet) flow or flow in channels branching outward from a canyon mouth.
Bonneville level-The highest lake level/shoreline of Lake Bonneville, average elevation is 5,200 feet (1,550 m). Dates from 15,500 to 15,000 years ago.
Colluvium-a general term applied to any loose, unconsolidated mass of soil material, usually at the foot of a slope or cliff, and brought there chiefly by gravity.
Debris flood-soil materials transported by fast-moving flood waters. Solids account for 40 to 70 percent of the material by weight.
Debris flow-relatively rapid, viscous flow of water and coarsegrained surficial material. Solids account for 70 to 90 percent of the material by weight.
Flood plain-an area adjoining a body of water or natural stream that has been or may be covered by flood water.
Formation (geologic)-a rock unit consisting of distinctive features/rock types separate from units above and below.
Geomorphology-the study of landforms and the processes that create them.
Levee-ridges of material that border a debris-flow channel, generally deposited by the first pulse of material in a debris flow.
Commonly composed of boulders and cobbles.
Massive-a stratum or stratified layer that is obscurely bedded, or that is or appears to be without internal structure.
outcrop-the part of a geologic formation or structure that appears at the surface of the Earth.
Sedimentation-the act or process of forming or accumulating sediment in layers.
Slopewash-soil and rock material that is or has been transported down a slope by gravity assisted by running water not'confined to channels.
Weathering-a group of processes, such as the chemical action of air, rain water, and plants and the mechanical action of temperature changes which cause rock to decay and crumble into soil. Did not log in detail due to collapse danger. 
Modern soil
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